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TI Effects of the novel thyroid hormone analogs, SKF L- 94901 , 
Dibit, and 3 ' -AC-T2 on mitochondrial function 

AB The effects of L-T3 and three novel analogs, SKF L-94901 

(3 , 5-dibromo-3 ' -pyridazinone-L-thyronine) , Dibit (3 , 5-dibromo-3 ■ -isopropyl- 
L - thyronine ) , and 3'-Ac-T2 ( 3 ' -acetyl -3 , 5 -diiodo-L- thyronine) , on 
mitochondrial parameters were detd. in hypothyroid rats. The parameters 
include the 24 h hormone- induced changes in the bcl complex and in the 
proton permeability of the mitochondrial inner membrane. The 
cardiac sparing analog, SKF L-94901/ had no effect on 
mitochondrial respiration or proton permeability, but the analog did 
increase . alpha . -glycerophosphate dehydrogenase activity, mitochondrial 
ubiquinone content, and altered the bypass respiration in the bcl complex. 
Dibit also did not increase respiration significantly but did change the 
other parameters. 3'-Ac-T2 increased respiration, mitochondrial 
ubiquinone content, proton permeability, enzyme activity and altered the 
bypass of the antimycin A blockage in the bcl complex. 

ST thyroid hormone analog mitochondria 

IT Animal respiration 

Electron transport system, biological 
Mitochondria 

(thyroid hormone analogs effect on mitochondrial function) 
IT . Thyroid hormones 

RL: BAC (Biological activity or effector, except adverse); BSU (Biological 
study, unclassified) ; BIOL (Biological study) 

(thyroid hormone analogs effect on mitochondrial function) 
IT Ubiquinones 

RL: BPR (Biological process); BSU (Biological study, unclassified); BIOL 

(Biological study) ; PROC (Process) 

(thyroid hormone analogs effect on mitochondrial function) 
IT 6893-02-3, Triiodothyronine 13724-85-1, Dibit 93800-43-2, 

3 ' -Acetyl -3 , 5 -diiodo-L- thyronine 105211-23-2, SKF L-94901 

RL: BAC (Biological activity or effector, except adverse); BSU (Biological 

study, unclassified) ; BIOL (Biological study) 

(thyroid hormone analogs effect on mitochondrial function) 
IT 9027-03-6, Cytochrome bcl 9075-65-4, . alpha . -Glycerophosphate 

dehydrogenase 

RL: BPR (Biological process) ; BSU (Biological study, unclassified) ; BIOL 

(Biological study) ; PROC (Process) 

(thyroid hormone analogs effect on mitochondrial function) 
ACCESSION NUMBER: 1996:338854 CAPLUS 

DOCUMENT NUMBER: 125:26674 

TITLE: Effects of the novel thyroid hormone 

analogs, SKF L-94901, Dibit, and 3 ' -AC-T2 on 

mitochondrial function 
AUTHOR (S) : Horrum, Mark A.; Tobin, Richard B.; Ecklund, Robert E. 

CORPORATE SOURCE: College Medicine, University Nebraska Medical Center, 
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AB CGS 26214, a thyromimetic substance devoid of cardiovascular effects in 
rats and dogs, binds to rat liver nuclear L-T3 receptors with an IC50 of 
0.1 nM vs. 0.6 nM for L-T3, and lowered serum cholesterol in 
hypercholesterolemic rats at 1 .mu.g/kg vs. 25 .mu.g/kg for L-T3 . In 
normocholesterolemic dogs and monkeys, CGS 26214 lowered LDL-cholesterol 
by 59 and 20%, resp. at 1 .mu.g/kg p.o. ; CGS 26214 decreased Lp(a) by 42% 
in cynomolgus monkeys at 3 0 .mu.g/kg p.o., and enhanced postprandial 



triglyceride clearance in rats. The cardiac -sparing 

activity is attributed to preferential uptake into hepatocyte nuclei vs. 
cardiac nuclei of intact cells. 
IT Thyroid hormones 

RL: BAC (Biological activity or effector, except adverse) ; BSU (Biological 
study, unclassified) ; BIOL (Biological study) 
(antihypercholesteremic activity of) 
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Synthesis of thyroid hormone analogs. Part 1. Preparation of 

3 ' -heteroarylmethyl-3 , 5-diiodo-L- thyronines via phenol-dinitrophenol 

condensation and relationships between structure and selective 

thyromimetic activity 

3 ' -Heteroarylmethyl analogs, e.g. I (R = H, F) , of the natural 
thyroid hormone 3 , 3 ' , 5 - triiodo-L- thyronine (T3) were synthesized 
as potential selective (cardiac-sparing) 

thyromimetics . The di-Ph ether moiety was constructed by condensation of 
3-substituted 4 -methoxyphenols with a 3 , 5 -dinitro-L- tyrosine deriv. 
Synthesis of the key phenols required the in situ prepn. , at low temps., 
of novel metalated species, e.g. 2 - lithio-5 -methoxypyridine , and 
2 , 6 -dif luoro-3 - lithiopyridine , followed by reaction with 
2, 4-MeO (PhCH20) C6H3CHO. Structure-activity relationships indicate that 
selective thyromimetic activity is assocd. with 2 -oxyheteroaren- 5 -ylmethyl 
3 1 -substitution, as found in the pyridone I (R = H) . The location of the 
oxy substituent in the heterocycle is crit. for both hormonal activity and 
for binding to the T3 receptor. 

heteroarylmethyldiiodothyronine thyromimetic MS BAR; T3 heteroarylmethyl 
analog thyroid hormone 
Thyroid hormones 

RL: RCT (Reactant) ; RACT (Reactant or reagent) 
( (heteroarylmethyl) diiodothyronines as) 
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TI Selective thyromimetics . Cardiac -sparing 

thyroid hormone analogs containing 3 ' -arylmethyl substituents 
AB Introduction of specific arylmethyl groups at the 3 * -position of the 
thyroid hormone 3 , 3 ' , 5 1 - triiodo-L- thyronine (T3), and its known 
hormonally active derivs . , gives liver- selective , cardiac- 
sparing thyromimetics (e.g., I, X = 0, S; R = aryl group), with 
potential utility as plasma cholesterol lowering agents. Correlations 
between in vivo and in vitro receptor binding affinities show that 
liver/heart selectivity does not depend on receptor recognition but on 
penetration or access to receptors in vivo. QSAR studies of the binding 
data of a series of 20 3 ' -arylmethyl T3 analogs show that electroneg. 
groups at the para position increase both receptor binding and selectivity 
in vivo. However, increasing 3 1 -arylmethyl hydrophobic ity increases 
receptor binding but reduces selectivity. Substitution at ortho and meta 
positions reduces both binding and selectivity. Replacement of the 
3,5-iodo groups by halogen or Me maintains selectivity, with 3,5-dibromo 
analogs in particular having increased potency combined with oral 
bioavailability. Di-Ph thioether derivs. also have improved potency but 
are less orally active. At the 1-position, the D enantiomer retains 
selectivity, but removal of the . alpha . -amino to give a propionic acid 
results in loss of selective thyromimetic activity. 
IT Thyroid hormones 

RL: RCT (Reactant) ; RACT (Reactant or reagent) 
(arylme thy ldiiodo thyronines as) 
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SUMM Interestingly, it is known that the thyroid hormone known as 

thyroxine ("T4") converts to thyronine ("T3" ) in human skin by 
deiodinase I, a selenoprotein. Selenium deficiency causes a decrease in 
T3 levels due to a decrease in deiodinase I activity; this reduction in 
T3 levels is strongly associated with hair loss. Consistent with this 
observation, hair growth is a reported side effect of administration of 
T4 . See, e.g., Berman, "Peripheral Effects of L-Thyroxine on Hair Growth 
and Coloration in Cattle", Journal of Endocrinology, Vol. 20, pp. 
282-292 (1960) ; and Gunaratnam, "The Effects of Thyroxine on Hair Growth 
in the Dog", J. Small Anim. Pract . , Vol. 27, pp. 17-29 (1986). 
Furthermore, T3 and T4 have been the subject of several patent 
publications relating to treatment of hair loss. See, e.g., Fischer et 
al., DE 1,617,477, published Jan. 8, 1970; Mortimer, GB 2,138,286, 
published Oct. 24, 1984; and Lindenbaum, WO 96/25943, assigned to Life 
Medical Sciences, Inc., published Aug. 29, 1996. 



SUMM Unfortunately, however, administration of T3 and/or T4 to treat hair 
loss is not practicable because these thyroid hormones are 
also known to induce significant cardiotoxicity . See, e.g., Walker et 
al., U.S. Pat. No. 5,284,971, assigned to Syntex, issued Feb. 8, 1994 
and Emmett et al. r U.S. Pat. No. 5,061,798, assigned to Smith Kline & 
French Laboratories, issued Oct. 29, 1991. Surprisingly, however, the 



present inventors have discovered compounds which promote hair growth 
without inducing cardiotoxicity . Consistent with this discovery, but 
without intending to be limited by theory, the present inventors have 
surprisingly discovered that the compounds useful in the present 
invention interact strongly with hair- selective thyroid 
hormone receptors but interact less strongly, or not at all, with 
heart-selective hormone receptors. These unique properties are, of 
course, not shared with T3 and/or T4 . Accordingly, the compounds 
described for use in the methods and compositions herein are 
cardiac-sparing compounds useful for treating hair 

loss, including arresting and/or reversing hair loss and promoting hair 
growth . 

SUMM The present invention relates to methods for treating hair loss 
comprising administering a cardiac -sparing compound 

which has been found by the present inventors to be particularly useful 
for treating hair loss in mammals, including arresting and/or reversing 
hair loss and promoting hair growth. The compounds utilized in the 
present method have the structure: ##STR2## 

SUMM In addition to discovering that the present compounds are useful for 
treating hair loss, the present inventors have also surprisingly 
discovered that the preferred compounds are cardiac- 
sparing. The preferred compounds useful in the method of the 
present invention are therefore, as defined herein below, 
cardiac - sparing . 

SUMM The present invention relates to methods of treating hair loss by 
administering a compound having a structure as described herein. 
Preferably, the compound utilized in the present invention will be 
cardiac -sparing. Compounds (test compounds) may be 
tested for their ability to induce anagen and their lack of 
cardiotoxicity (cardiac -sparing) using the following 

methods. Alternatively, other methods well-known in the art may be used 
(but with the term "cardiac -sparing" being defined 
according to the method disclosed herein below) . 

SUMM The cardiotoxicity assay measures the potential of a test compound to 
adversely affect the cardiovascular system. As thyroid hormone 
(T3) damages the cardiovascular system, the heart enlarges. See, e.g., 
Gomberg - Mai t land et al . , "Thyroid hormone and Cardiovascular 
Disease", American Heart Journal, Vol. 135(2), pp. 187-196 (1998); Klein 
and Ojamaa, "Thyroid Hormone and the Cardiovascular System", 
Current Opinion in Endocrinology and Diabetes, Vol. 4, pp. 341-346 
(1997); and Klemperer et al . , "Thyroid Hormone Therapy and 
Cardiovascular Disease", Progress in Cardiovascular Diseases, Vol. 37 
(4), pp. 329-336 (1996). This increases the weight of the heart relative 
to whole body weight. The cardiotoxicity assay herein below is used to 
test compounds for potentially adverse cardiac effects by measuring 
their effect on the heart-to-body weight ratio. 

SUMM The index C is then calculated by dividing RT by RV. As defined herein, 
where C is less than 1.3, the test compound is cardiac- 
sparing. Preferably, C is less than 1.2, more preferably less 
than 1.15, and most preferably less than 1.1. In accordance with this 
method, T3 and T4 are not cardiac - sparing . 

SUMM Preferably the compounds of the present invention are, as defined 
herein, cardiac-sparing. 

CLM What is claimed is: 

1. A method of treating hair loss comprising administering a composition 

comprising a cardiac -sparing compound characterized 

by the structure: ##STR4## and pharmaceutically acceptable salts, 



hydrates, and biohydrolyzable amides, esters, and imides thereof, 
wherein : R. sub .1 is (CH. sub . 2) . sub .n (CHNR. sub. 7R. sub . 8) . sub.mC (0) R . sub 
.9; n is an integer from 1 to 3; m is an integer from 0 to 1; R.sub.3 
and R.sub.5 are each, independently, selected from the group consisting 
of chlorine, bromine, iodine, and --CH.sub.3; R.sub.7 and R.sub.8 are 
each, independently, selected from the group consisting of hydrogen and 
C.sub.l-C.sub.4 alkyl; R.sub.9 is selected from the group consisting of 
hydroxy, C . sub . 1 -C . sub . 4 alkoxy, and - -NR . sub . 7R . sub . 8 ; R. sub. 31 is 
selected from the group consisting of hydrogen, chlorine, bromine, 
iodine, C . sub . 1-C . sub , 4 alkyl, C . sub . 4 -C , sub . 6 cycloalkyl, 
C.sub.l-C.sub.4 haloalkyl, C . sub . 4 -C . sub . 6 halocycloalkyl , ,and 
- -CH (R . sub . 10) Ar ; Ar is selected from the group consisting of 

5- hydroxypyrid-2 -yl , 6-hydroxypyrid-3 -yl , 6 -hydroxypyridazin-3 -yl , 

6- methoxypyridazin-3 -yl N-oxide, and 6 -hydroxypyridazin- 3 -yl N-oxide; 
R. sub. 10 is selected from the group consisting of hydrogen and 
C.sub.l-C.sub.4 alkyl; and R4 , is selected from the group consisting of 
hydroxy and C.sub.l-C.sub.4 alkoxy. 
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The present disclosure describes methods for treating hair loss in 
mammals, including arresting and/or reversing hair loss and promoting 
hair growth. The methods comprise administering a cardiac- 
sparing compound having a structure of formula (I) as described 
herein and a pharmaceutically-acceptable carrier. ##STR1## 
[0005] Interestingly, it is known that the thyroid hormone 
known as thyroxine ("T4" ) converts to thyronine ( " T3 " ) in human skin by 
deiodinase I, a selenoprotein. Selenium deficiency causes a decrease in 
T3 levels due to a decrease in deiodinase I activity; this reduction in 
T3 levels is strongly associated with hair loss. Consistent with this 
observation, hair growth is a reported side effect of administration of 
T4 . See, e.g., Berman, "Peripheral Effects of L-Thyroxine on Hair Growth 
and Coloration in Cattle", Journal of Endocrinology, Vol. 20, pp. 
282-292 (1960); and Gunaratnam, "The Effects of Thyroxine on Hair Growth 
in the Dog", J. Small Anim. Pract . , Vol. 27, pp. 17-29 (1986). 
Furthermore, T3 and T4 have been the subject of several patent 



publications relating to treatment of hair loss. See, e.g., Fischer et 
al., DE 1,617,477, published Jan. 8, 1970; Mortimer, GB 2,138,286, 
published Oct. 24, 1984; and Lindenbaum, WO 96/25943, assigned to Life 
Medical Sciences, Inc., published Aug. 29, 1996. 

SUMM [0006] Unfortunately, however, administration of T3 and/or T4 to treat 
hair loss is not practicable because these thyroid hormones 
are also known to induce significant cardiotoxicity . See, e.g., Walker 
et al., U.S. Pat. No. 5,284,971, assigned to Syntex, issued Feb. 8, 1994 
and Emmett et al . , U.S. Pat. No. 5,061,798, assigned to Smith Kline & 
French Laboratories, issued Oct. 29, 1991. Surprisingly, however, the 
present inventors have discovered biphenyl derivatives which promote 
hair growth without inducing cardiotoxicity. Consistent with this 
discovery, but without intending to be limited by theory, the present 
inventors have surprisingly discovered that the biphenyl derivatives 
useful in the present invention interact strongly with hair- selective 
thyroid hormone receptors but interact less strongly, or not at 
all, with heart-selective hormone receptors. These unique properties 
are, of course, not shared with T3 and/or T4 . Accordingly, the biphenyl 
derivatives described for use in the methods and compositions herein are 
cardiac -sparing compounds useful for treating hair 

loss, including arresting and/or reversing hair loss and promoting hair 
growth. 

SUMM [0007] The present invention relates to methods for treating hair loss 
comprising administering a cardiac- sparing compound 

which has been found by the present inventors to be particularly useful 
for treating hair loss in mammals, including arresting and/or reversing 
hair loss and promoting hair growth. The compounds utilized in the 
present method are biphenyl derivatives having the structure: ##STR2## 

SUMM [0010] In addition to discovering that the present compounds are useful 
for treating hair loss, the present inventors have also surprisingly 
discovered that the preferred compounds are cardiac- 
sparing. The preferred compounds useful in the method of the 
present invention are therefore, as defined herein below, 
cardiac - sparing . 

SUMM [0080] The present invention relates to methods of treating hair loss by 
administering a compound having a structure as described herein. 
Preferably, the compound utilized in the present invention will be 
cardiac -sparing. Compounds (test compounds) may be 
tested for their ability to induce anagen and their lack of 
cardiotoxicity (cardiac -sparing) using the following 

methods. Alternatively, other methods well-known in the art may be used 
(but with the term "cardiac-sparing" being defined 
according to the method disclosed herein below) . 

SUMM [0082] The cardiotoxicity assay measures the potential of a test 
compound to adversely affect the cardiovascular system. As 
thyroid hormone (T3) damages the cardiovascular system, the 
heart enlarges. See, e.g., Gomberg-Maitland et al . , "Thyroid 
hormone and Cardiovascular Disease", American Heart Journal, Vol. 
135(2), pp. 187-196 (1998); Klein and Ojamaa, "Thyroid Hormone 
and the Cardiovascular System", Current Opinion in Endocrinology and 
Diabetes, Vol. 4, pp. 341-346 (1997); and Klemperer et al . , " 
Thyroid Hormone Therapy and Cardiovascular Disease", Progress in 
Cardiovascular Diseases, Vol. 37 (4), pp. 329-336 (1996). This increases 
the weight of the heart relative to whole body weight. The 
cardiotoxicity assay herein below is used to test compounds for 
potentially adverse cardiac effects by measuring their effect on the 
heart-to-body weight ratio. 



SUMM [0092] The index C is then calculated by dividing RT by RV. As defined 



herein, where C is less than 1.3, the test compound is cardiac 
-sparing. Preferably, C is less than 1.2, more preferably less 
than 1.15, and most preferably less than 1.1. In accordance with this 
method, T3 and T4 are not cardiac - sparing . 

DETD [0124] Preferably the compounds of the present invention are, as defined 

herein, cardiac -sparing . 
CLM What is claimed is: 

1. A method of treating hair loss comprising administering a composition 

comprising a cardiac -sparing compound characterized 

by the structure: ##STR15## and pharmaceutical^ acceptable salts, 
hydrates, and biohydrolyzable amides, esters, and imides thereof, 
wherein: R is selected from the group consisting of hydrogen, hydroxy, 
esterified hydroxy, and etherified hydroxy; R.sub.l, R.sub.2, and 
R.sub.4 are each, independently, selected from the group consisting of 
hydrogen, halogen, trif luoromethyl and lower alkyl; R.sub.3 is selected 
from the group consisting of halogen, trif luoromethyl , lower alkyl, 
aryl, aryl- lower alkyl, cycloalkyl, cycloalkyl- lower alkyl, and: 
##STR16## R.sub.8 is selected from the group consisting of hydrogen, 
lower alkyl, aryl, cycloalkyl, aryl -lower alkyl, and cycloalkyl -lower 
alkyl; R.sub.9 is selected from the group consisting of hydroxy and 
acyloxy; R. sub. 10 is selected from the group consisting of hydrogen and 
lower alkyl; with the proviso that R.sub.9 and R. sub. 10 collectively 
optionally represent oxo; W is selected from the group consisting of 
--0-- and --S--; X is selected from the group consisting of --NR. sub. 7, 
S, and O; R.sub.5 is selected from the group consisting of hydrogen, 
lower alkyl, and aryl -lower alkyl and R.sub.6 is hydrogen; with the 
proviso that when X is --NR. sub. 7, R.sub.5 and R.sub.6 together are 
optionally oxo; R.sub.7 is selected from the group consisting of 
hydrogen and lower alkyl; and Z is selected from the group consisting 
of carboxyl and carboxyl derivatized as a pharmaceutically acceptable 
ester or amide. 
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The present invention describes methods for treating hair loss in 
mammals, including arresting and/or reversing hair loss and promoting 
hair growth. The methods comprise administering a cardiac- 
sparing compound which is a derivative of diphenylether and 
pharmaceutically-acceptable carrier . 

Interestingly, it is known that the thyroid hormone known as 
thyroxine ("T4") converts to thyronine ("T3") in human skin by 
deiodinase I, a selenoprotein. Selenium deficiency causes a decrease in 
T3 levels due to a decrease in deiodinase I activity; this reduction in 
T3 levels is strongly associated with hair loss. Consistent with this 
observation, hair growth is a reported side effect of administration of 
T4 . See, e.g., Berman, "Peripheral Effects of L-Thyroxine on Hair Growth 
and Coloration in Cattle", Journal of Endocrinology, Vol. 20, pp. 
282-292 (I960) ; and Gunaratnam, "The Effects of Thyroxine on Hair Growth 
in the Dog", J. Small Anim. Pract . , Vol. 27, pp. 17-29 (1986). 
Furthermore, T3 and T4 have been the subject of several patent 
publications relating to treatment of hair loss. See, e.g., Fischer et 
al., DE 1,617,477, published Jan. 8, 1970; Mortimer, GB 2,138,286, 
published Oct. 24, 1984; and Lindenbaum, WO 96/25943, assigned to Life 
Medical Sciences, Inc., published Aug. 29, 1996. 

SUMM Unfortunately, however, administration of T3 and/or T4 to treat hair 
loss is not practicable because these thyroid hormones are 
also known to induce significant cardiotoxicity . See, e.g., Walker et 
al., U.S. Pat. No. 5,284,971, assigned to Syntex, issued Feb. 8, 1994 
and Emmett et al . , U.S. Pat. No. 5,061,798, assigned to Smith Kline & 
French Laboratories, issued Oct. 29, 1991. Surprisingly, however, the 
present inventors have discovered biphenyl derivatives which promote 
hair growth without inducing cardiotoxicity. Consistent with this 
discovery, but without intending to be limited by theory, the present 
inventors have surprisingly discovered that the biphenyl derivatives 
useful in the present invention interact strongly with hair-selective 
thyroid hormone receptors but interact less strongly, or not at 
all, with heart-selective hormone receptors. These unique properties 
are, of course, not shared with T3 and/or T4 . Accordingly, the biphenyl 
derivatives described for use in the methods and compositions herein are 
cardiac -sparing compounds useful for treating hair 

loss, including arresting and/or reversing hair loss and promoting hair 
growth. 

SUMM The present invention relates to methods for treating hair loss 
comprising administering a cardiac -sparing compound 

which has been found by the present inventors to be particularly useful 
for treating hair loss in mammals, including arresting and/or reversing 
hair loss and promoting hair growth. The compounds utilized in the 
present method are biphenyl derivatives having the structure: ##STR1## 

SUMM In addition to discovering that the present compounds are useful for 
treating hair loss, the present inventors have also surprisingly 
discovered that the preferred compounds are cardiac- 
sparing. The preferred compounds useful in the method of the 
present invention are therefore, as defined herein below, 
cardiac - sparing . 

SUMM The present invention relates to methods of treating hair loss by 
administering a compound having a structure as described herein. 
Preferably, the compound utilized in the present invention will be 
cardiac -sparing. Compounds (test compounds) may be 
tested for their ability to induce anagen and their lack or 
cardiotoxicity (cardiac- sparing) using the following 

methods. Alternatively, other methods well-known in the art may be used 
(but with the term "cardiac-sparing" being defined 
according to the method disclosed herein below) . 



AB 



SUMM 



SUMM The cardiotoxicity assay measures the potential of a test compound to 
adversely affect the cardiovascular system. As thyroid hormone 

(T3) damages the cardiovascular system, the heart enlarges. See, e.g., 
Gomberg -Mai t land et al . , "Thyroid hormone and Cardiovascular 
Disease" , American Heart Journal, Vol. 135(2), pp. 187-196 (1998); Klein 
and Ojamaa, "Thyroid Hormone and the Cardiovascular System", 
Current Opinion in Endocrinology and Diabetes, Vol. 4, pp. 341-346 

(1997); and Klemperer et al . , "Thyroid Hormone Therapy and 
Cardiovascular Disease", Progress in Cardiovascular Diseases, Vol. 37 

(4), pp. 329-336 (1996). This increases the weight of the heart relative 
to whole body weight. The cardiotoxicity assay herein below is used to 
test compounds for potentially adverse cardiac effects by measuring 
their effect on the heart-to-body weight ratio. 

SUMM The index C is then calculated by dividing RT by RV. As defined herein, 



where C is less than 1.3, the test compound is cardiac- 
sparing. Preferably, C is less than 1.2, more preferably less 
than 1.15, and most preferably less than 1.1. In accordance with this 
method, T3 and T4 are not cardiac- sparing . 



DETD Preferably the compounds of the present invention are, as defined 
herein, cardiac -sparing . 



1. A method of treating hair loss comprising administering a composition 
comprising a cardiac- sparing compound having the 

formula of: ##STR14## and pharmaceutically acceptable salts, hydrates, 
and biohydrolyzable amides, esters, and imides thereof, wherein: R is 
selected from the group consisting of hydrogen, hydroxy, esterified 
hydroxy, and etherified hydroxy; R.sub.l, R.sub.2, and R.sub.4 are each, 
independently, selected from the group consisting of hydrogen, halogen, 
trif luoromethyl and lower alkyl; R.sub.3 is selected from the group 
consisting of halogen, trif luoromethyl , lower alkyl, aryl , aryl-lower 
alkyl, cycloalkyl, cycloalkyl - lower alkyl, and: ##STR15## R.sub.8 is 
selected from the group consisting of hydrogen, lower alkyl, aryl, 
cycloalkyl, aryl-lower alkyl, and cycloalkyl -lower alkyl; R.sub.9 is 
selected from the group consisting of hydroxy and acyloxy; R. sub. 10 is 
selected from the group consisting of hydrogen and lower alkyl; with the 
proviso that R.sub.9 and R. sub. 10 collectively optionally represent oxo; 
W is selected from the group consisting of --0-- and --S--; X is 
selected from the group consisting of --NR. sub. 7, S, and O; R.sub.5 is 
selected from the group consisting of hydrogen, lower alkyl, and 
aryl-lower alkyl and R.sub.6 is hydrogen; with the proviso that when X 
is * -NR. sub. 7, R.sub.5 and R.sub.6 together are optionally oxo; R.sub.7 
is selected from the group consisting of hydrogen and lower alkyl; and Z 
is selected from the group consisting of carboxyl and carboxyl 
derivatized as a pharmaceutically acceptable ester or amide. 



CLM 
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SUMM [0006] Two naturally occurring thyroid hormones, namely, 

thyroxine or 3 , 5 , 3 ' , 5 1 - tetraiodo-L- thyronine (commonly referred to as 
"T.sub.4"), and thyronine or 3 , 5 , 3 ' - triiodo-L- thyronine (commonly 
referred to as "T.sub.3"), are shown below: ##STR1## 

SUMM [0007] T.sub.3 is the more biologically active of the two and, as will 

be appreciated from the structural formulae provided above, differs from 
T.sub.4 by the absence of the 5 T iodine. T.sub.3 may be produced 
directly from the thyroid gland or, in peripheral tissues, by 
the removal of the 5 1 iodine by deiodinase enzymes. Thyromimetic analogs 
are often designed to be structurally similar to T.sub.3. In addition, 
naturally occurring metabolites of T.sub.3 are known. 

SUMM [0008] Interestingly, it is known that the thyroid hormone, 

thyroxine ("T.sub.4"), converts to triiodo- thyronine ("T.sub.3") in 
human skin by deiodinase I, a selenoprotein. Selenium deficiency causes 
a decrease in T.sub.3 levels due to a decrease in deiodinase I activity; 
this reduction in T.sub.3 levels is strongly associated with hair loss. 
Consistent with this observation, hair growth is a reported side effect 
of administration of T.sub.4. See, for example, Berman, "Periperal 
Effects of L-Thyroxine on Hair Growth and Coloration in Cattle," Journal 
of Endocrinology, Vol. 20, pp. 282-292 (1960); and Gunaratnam, "The 
Effects of Thyroxine on Hair Growth in the Dog," J. Small Anim. Pract . , 
Vol. 27, pp. 17-29 (1986). Furthermore, T.sub.3 and T.sub.4 have been 
the subject of several patent publications relating to treatment of hair 
loss. See, e.g., German patent 1,617,477; British patent 2,138,286; and 
WO 96/25943. 

SUMM [0009] Thus, it is known that thyroid hormone can exert 

positive effects on hair growth; however, administration of T.sub.3 
and/or T.sub.4 to treat hair loss is not practicable because these 
thyroid hormones are known to cause adverse side effects, such 
as inducing significant cardiotoxicity or adversely affecting bone 
mineral density and lean body mass. See, e.g., U.S. Pat. No. 5,284,971; 
and U.S. Pat. No. 5,061,798. 

SUMM [0010] According to the present invention, it has been found that 

administration of certain thyromimetic compounds, as described below, 
which activate thyroid hormone receptors in certain tissues, 
including those in the hair follicle which control growth and hair 
production, but spare other tissues, such as the heart, could be used to 
increase hair growth in patients suffering from hair loss, or may be 
used to prevent or delay hair loss in patients just beginning to lose 
their hair. 



SUMM [0012] Commonly assigned, published International patent application WO 
00/51971 and commonly assigned, published European patent application EP 
1 033 364 disclose certain oxamic acids and derivatives thereof as 
thyroid receptor ligands. Commonly assigned, published European 
Patent Application EP 1 088 819 discloses certain 6-azauracil 
derivatives as thyroid receptor ligands. Commonly assigned, 



published European Patent Application EP 1 127 882 discloses certain 
tetrazole compounds as thyroid receptor ligands. Commonly 
assigned, published European Patent Application EP 1 148 054 discloses 
certain thiazolidinedione , oxadiazolidinedione and triazolone compounds, 
which are thyroid receptor ligands. 

SUMM [0013] The following are recent articles on thyroid hormone 

receptors (TRs) : M. K. Ahsan et al . , J. Med. Invest. 44: 179-184, 1998, 
studied the immunohistochemical localization of thyroid 
hormone receptors (TRs) in human scalp skin and concluded that the 
results demonstrated the presence of thyroid hormone nuclear 
receptors in human hair follicles. N. Billoni et al . , British Journal of 
Dermatology 2000: 142: 645-652, established that TR.beta.l was the 
predominant form of TR expressed in the human hair follicle. C. C. 
Thompson and M . C. Bottcher, Proc . Natl. Acad. Sci . USA, Vol. 94, pp. 
8527-8532, August 1997, found that the product of a thyroid 
hormone-responsive gene, the lack of which confers a hairless phenotype, 
interacts with thyroid hormone receptors. A. G. Messenger, 
British Journal of Dermatology, 142, 631-635, 2000, discussed the 
relationship between thyroid hormone and hair growth. 

SUMM [0015] J. D. Safer, et al . , Thyroid 11 (8): 717-24 (August 
2001) , found topical triiodothyronine stimulates epidermal 
prolof eration, dermal thickening and hair growth in mice and rats. 

SUMM [0016] V. L . Malloy, et al . , Abstract titled "Effect of Topically 
Applied Thyroid Hormone on Androgen Dependent Models of the 
Pilo-Sebaceous Apparatus," Clinical Research, Vol. 36, No. 5, page 814A 
(1998) , observed an inhibitory effect on testosterone induced alopecia 
after treatment with topical T.sub.3 in the AGA mouse, a model for 
androgen dependent hair loss. 

SUMM [0019] More particularly, the present invention provides such methods 
wherein the compounds are cardiac - sparing . 

SUMM [0036] The preferred compounds useful in the methods of the present 
invention are cardiac- sparing . The term " 
cardiac-sparing" as used herein means that, at the 

dosages required for hair growth, the compounds useful in the methods of 
the present invention do not produce any observable cardiotoxicity in 
the mammal being treated. 

SUMM [0235] The ability of a thyromimetic compound to bind thyroid 

hormone receptors may be demonstrated in standard assays known in the 
art, such as the Thyroid Hormone Receptor Binding Assay, 
described at page 53 of published European application EP 1 088 819. 
Preferably, the thyromimetic compounds useful in the methods of the 
present invention are TR . beta . 1 -selective in the Binding Assay and, 
therefore, are more selective for the predominant form of the receptor 
present in human hair follicles, as recently stated in the art. As such, 
these compounds are expected to have a preferential effect on hair 
growth relative to cardiac endpoints and other undesirable endpoints. 

SUMM [0236] Also, as noted above, preferably, the compounds useful in the 
present invention are cardiac -sparing. Compounds may 
be tested for their cardiac-sparing properties using 
the following assay: 

SUMM [0237] As is well known by those skilled in the art, thyroid 

hormones affect cardiac functioning, for example, by causing an increase 
in the heart rate as well as an increase in tissue mass, or hypertrophy. 
The ability of the compounds useful in the methods of the present 
invention to cause the thyroid hormone - like , cardiotoxic 
effects may be demonstrated according to the following protocol : 



« 



CLM What is claimed is: 

3. A method of claim 2 wherein the compound is cardiac- 
sparing . 

12. A method of claim 11 wherein the compound is cardiac- 
sparing. 

22. A method of claim 21 wherein the compound is cardiac- 
sparing. 

31. A method of claim 30 wherein the compound is cardiac- 
sparing . 

40. A method of claim 39 wherein the compound is cardiac- 
sparing . 
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R. sup. 41 is OH or a bioprecursor thereof 
acceptable salts thereof; are structural 
hormones T.sub.3 and T.sub.4 and exhibit 
activity. Pharmaceutical compositions of 
use for the treatment of mammalian chole 
The natural thyroid hormones, 3, 3',5-tr 
(T.sub.3) and L-thyroxine (T.sub.4), are 
which, due to their potent effects on ca 
indicated for the therapeutic reduction 
euthyroid subjects. 



and the pharmaceutically 
analogs of the thyroid 
selective thyromimetic 
the novel compounds and their 
steremia are provided. 
iiodo-L- thyronine 

recognized cholesteremics 
rdiac function, are not 
of plasma cholesterol levels in 



SUMM Since Harington and Barger, Biochem. J. 21, 169-181 (1927) , first 

reported the structure and synthesis of thyroxine, numerous studies have 
been conducted to identify and synthesize structural analogs which mimic 
the activity of the natural hormones. The comprehensive review by E. C. 
Jorgensen in Hormonal Proteins and Peptides, Li, C. H. , Ed., Academic 
Press, New York, Vol. VI, Chapters 2 and 3, 57-204 (1978) summarizes 
the intensive efforts to vary the thyroxine substituent pattern to 
produce thyromimetics , primarily for thyroid replacement 
therapy. 



SUMM Leeson, et al . have further reported that introduction of specific 
3 ' -arylmethyl groups gives liver- selective , cardiac- 
sparing thyromimetics . Modifications to the 3 , 5 - substituents , 
ether oxygen, and L-alanyl side chain were also disclosed. These authors 
observed that the ether oxygen may be replaced by sulfur or methylene, 
which maintain the orthogonal arrangement of the diphenyl aromatic 
rings. J. Med. Chem. 32, 320-336 (1989). 

SUMM The compounds of this invention are structural analogs of T.sub.3 and 
T.sub.4 and exhibit selective thyromimetic activity. When tested in 
vivo, they mimic the cholesterol-lowering effects of the thyroid 
hormones, with little or no effect on the heart. 

SUMM In addition, compounds of Formula (I) may be indicated in 

thyroid hormone replacement therapy in patients with compromised 
cardiac function. 
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DETD Thyroxine analogues such as DIME have been described in the literature. 
However; unlike thyroxine, DIME was reported to have no significant 
metabolic or cell differentiating activity (as determined by tadpole 
metamorphosis) (Money et al . , 1958, "The Effect of Change in Chemical 
Structure of Some Thyroxine Analogues on the Metamorphosis of Rana 
Pipiens Tadpoles," Endocrinology 3:20-28; Stasilli et al . , 1959, " 
Antigoitrogenic and Calorigenic Activities of Thyroxine 
Analogues in Rats, " Endocrinology 64:62-82). For example, uptake of 
iodine into the thyroid of rats is only marginally (15%) inhibited by 
DIME as compared to thyroxine (Money et al . , 1959, "The Effect of 
Various Thyroxine Analogues on Suppression of Iodine -131 Uptake by the 
Rat Thyroid," Endocrinology 64:123-125). Furthermore, DIME was reported 
to have no inhibitory activity against the growth of a non-malignant 
mouse pituitary adenoma (Kumaoka et al . , 1960, "The Effect of Thyroxine 
Analogues on a Transplantable Mouse Pituitary Tumor, " Endocrinology 
66:32-38; Girinberg et al . , 1962, "Studies with Mouse Pituitary 
Thyrotropic Tumors. V. Effect of Various Thyroxine Analogs on Growth and 
Secretion," Cancer Research 22:835-841). No studies with malignant cells 
have been reported. 
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SUMM Another suitable class of optional activity enhancers are 
thyroid hormones and derivatives and analogs thereof. 
Examples of suitable thyroid hormones for use herein 
may include triiodothyronine . Examples of thyroid 
hormone analogs which may be suitable for use herein include 
those described in U.S. Provisional Patent Application No. 60/136,996, 
Zhang et al . , "Method of Treating Hair Loss", filed Jun. 1, 
1999, U.S. Provisional Patent Application No. 60/137,024, Zhang et al . , 
"Method of Treating Hair Loss Using Biphenyl Compounds", filed 
Jun. 1, 1999, U.S. Provisional Patent Application No. 60/137,022, Zhang 
et al., "Method of Treating Hair Loss Using Carboxyl 

Derivatives", filed Jun. 1, 1999, U.S. Provisional Patent Application 
No. 60/137,023, Zhang et al . , "Method of Treating Hair Loss 
Using Sulfonyl Thyromimetic Compounds", filed Jun. 1, 1999, U.S. 
Provisional Patent Application No. 60/137,052, Youngquist et al . , 
"Biaryl Compounds", filed Jun. 1, 1999, U.S. Provisional Patent 
Application No. 60/137,063, Youngquist et al . , "Sulfur-Bridged 
Compounds", filed Jun. 1, 1999, and U.S. Provisional Patent Application 
No. 60/136,958, Youngquist et al . , "Substituted Biaryl Ether Compounds", 
filed Jun. 1, 1999. 

PI US 6124362 20000926 
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SUMM Another suitable class of optional activity enhancers are 
thyroid hormones and derivatives and analogs thereof. 
Examples of suitable thyroid hormones for use herein 
may include triiodothyrionine . Examples of thyroid 
hormone analogs which may be suitable for use herein include 
those described in U.S. Provisional Patent Application No. 60/136,996, 
Zhang et al . , "Method of Treating Hair Loss", filed Jun. 1, 
1999, U.S. Provisional Patent Application No. 60/137,024, Zhang et al., 
"Method of Treating Hair Loss Using Biphenyl Compounds", filed 
Jun. 1, 1999, U.S. Provisional Patent Application No. 60/137,022, Zhang 
et al., "Method of Treating Hair Loss Using Carboxyl 

Derivatives", filed Jun. 1, 1999, U.S. Provisional Patent Application 
No. 60/137,023, Zhang et al . , "Method of Treating Hair Loss 
Using Sulfonyl Thyromimetic Compounds", filed Jun. 1, 1999, U.S. 
Provisional Patent Application No. 60/137,052, Youngquist et al . , 
"Biaryl Compounds", filed Jun. 1, 1999, U.S. Provisional Patent 
Application No. 60/137,063, Youngquist et al . , "Sulfur-Bridged 
Compounds", filed Jun. 1, 1999, and U.S. Provisional Patent Application 
No. 60/136,958, Youngquist et al . , "Substituted Biaryl Ether Compounds", 
filed Jun. 1, 1999 . 

PI US 6124362 20000926 
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DRWD Biological functions or activities of Hairless include, but 
are not limited to, transcription, growth and maintenance of 
hair, resistance to UV radiation and chemical -induced skin 
carcinogenesis, neural development, neurological or behavioral 
characteristics, and other effects of thyroid hormone 
mediated through Hairless . 

DRWD In such embodiments of the invention, a method is provided for screening 
candidate chemical agents for the ability to modulate hair 
development and/or cell differentiation by activating HR-regulated gene 
expression or by inhibiting HR-regulated gene expression. Moreover, a 
method is provided for screening candidate chemical agents for use in 
modulating maintenance and/or growth of hair. Furthermore, a 
method of screening candidate chemical agents which modulate the binding 
of Hr to thyroid hormone receptor is provided to 
regulate hairless transcriptional activity. A high- throughput 
screening assay is preferred. 
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SUMM [0005] The thyroid hormone thyroxine ("T4") converts 

to thyronine ("T3") in human skin by deiodinase I, a selenoprotein. 

Selenium deficiency causes a decrease in T3 levels due to a decrease in 

deiodinase I activity; this reduction in T3 levels is strongly 

associated with hair loss. Consistent with this observation, 

hair growth is a reported side effect of administration of T4 . 

See, e.g., Berman, "Peripheral Effects of L-Thyroxine on Hair 

Growth and Coloration in Cattle", Journal of Endocrinology, Vol. 20, pp. 

282-292, (1960); and Gunaratnam, "The Effects of Thyroxine on 

Hair Growth in the Dog", J. Small Anim. Pract., Vol. 27, pp. 

17-29 (1986) . Furthermore, T3 and T4 have been the subject of several 

patent publications relating to treatment of hair loss. See, 

e.g., Fischer et al., DE 1,617,477, published Jan. 8, 1970; Mortimer, GB 

2,138,286, published Oct. 24, 1984; and Lindenbaum, WO 96/25943, 

assigned to Life Medical Sciences, Inc., published Aug. 29, 1996. 
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SUMM [003 5] As is well known in the art, hair growth occurs by a 

cycle of activity which involves alternating periods of growth 

and rest. This cycle is often divided into three main stages which are 

known as anagen, catagen and telogen. Anagen is the growth phase of the 

cycle and may be characterized by penetration of the hair 

follicle deep into the dermis with rapid proliferation of cells, which 

are differentiating to form hair. The next phase is catagen, 

which is a transitional stage marked by the cessation of cell division, 

and during which the hair follicle regresses through the 

dermis and hair growth is ceased. The next phase, telogen, is 

often characterized as the resting stage during which the regressed 

follicle onctains a germ with tightly packed dermal papilla cells. At 

telogen, the initiation of a new anagen phase is caused by rapid cell 

proliferation in the gem, expansion of the dermal papilla, and 

elaboration of basement membrane components. When hair growth 

ceases, most of the hair follicles reside in telogen and 

anagen is not engaged, thus causing the onset of full or partial 

baldness. Interestingly, it is known that the thyroid 

hormone known as thyroxine ("T4") converts to thyronine ("T3") 

in human skin by deiodinase 1, a selenoprotein. Selenium deficiency 

causes a decrease in T3 levels due to a decrease in deiodinase I 

activity; this reduction in T3 levels is strongly associated 

with hair loss. Consistent with this observation, hair 

growth is a reported side effect of administration of T4 . Furthermore, 

T3 and T4 have been the subject of several patent publications relating 

to treatment of hair loss, including, for example, 

International Patent Application Publication No. WO 00/72810, published 
Dec. 7, 2000; International Patent Application Publication No. WO 
00/72811, published Dec. 7, 2000; International Patent Application 
Publication No. WO 00172812, published Dec. 7, 2000; International 
Patent Application Publication No. WO 00/72813, published Dec. 7, 2000; 
International Patent Application Publication No. WO 00/72920, published 
Dec. 7, 2000; and International Patent Application Publication No. WO 
00/73292, published Dec. 7, 2000; and references cited therein. 
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SUMM If the patient's hair loss is due to hypothyroidism, then 
increased thyroid hormones can be administered. If 
perceived hair loss is due to hyperthyroidism, then the 
patient's thyroid activity can be reduced by drug therapy. It 
is noted that hypothyroidism diminishes the amount of hair 
that will grow because of decreased metabolic rates. Hyperthyroidism 
causes hairs to become very fine, and the very fine 
hairs are perceived to be hair loss. 
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SUMM Another suitable class of optional activity enhancers are 
thyroid hormones and derivatives and analogs thereof. 
Examples of suitable thyroid hormones for use herein 
may include triiodothyrionine . Examples of thyroid 
hormone analogs which may be suitable for use herein include 
those described in U.S. Provisional Patent Application No. 60/136,996, 
Zhang et al . , "Method of Treating Hair Loss", filed Jun. 1, 
1999, U.S. Provisional Patent Application No. 60/137,024, Zhang et al . , 
"Method of Treating Hair Loss Using Biphenyl Compounds", filed 
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DETD The present invention recognizes that thyroid hormones 

and STHs can directly modulate GAG production or HA secretion from 
cells, such as trabecular meshwork cells. Methods of the invention, 
consequently, are directed to modulating GAG production or HA secretion 
using compounds, especially STHs, that reduce the amount or 
activity of such substances or cellular processes in the desired 
cells or tissues. Preferably, such cells will be trabecular meshwork 
cells, ciliary cells of the eye, endothelial cells of the eye, non-eye 



endothelial cells, hair 
internal organs . In most 
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SUMM The effects of androgens in MPB are mediated by the binding of an 

androgen (primarily DHT) to the androgen receptor (AR) . Androgens bind 

specifically to the AR, which is either situated in the nucleus or 

transferred to it from the cytoplasm. The AR belongs to a subfamily of 

steroid/ thyroid horaione/retinoic acid receptors, 

whose activity is controlled by the tight and specific binding 

of the cognate ligand. Evidence for the involvement of the AR in MPB 

includes the demonstration that androgenic alopecia (a type of 

pattern baldness in women) can be alleviated by treatment with 

antiandrogens . These antiandrogens , such as spironolactone, cyproterone 

acetate, flutamide and cimetidine, bind to the AR and competitively 

inhibit DHT binding. In addition, sebaceous glands of bald 

scalps were found to have greater binding affinity and capacity for 

androgens than those in hairy scalps. 
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SUMM Another suitable class of optional activity enhancers are 
thyroid hormones and derivatives and analogs thereof. 
Examples of suitable thyroid hormones for use herein 
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